Hiccups can be idiopathic, psychogenic and organic, with drugs being one of the most important causes of hiccups. Although the exact pathophysiological processes involved are still poorly understood, the neurotransmitters dopamine, serotonin, and c-aminobutyric acid (GABA) have been documented to play a significant role in the generation of hiccups. We report on two patients with cellulitis who developed hiccups with the use of tramadol as an analgesic. The possible mechanisms and clinical implications of this rare adverse event are discussed. Both patients recovered from the hiccups with the use of baclofen tablets.
Introduction
Hiccups (singultus) are the involuntary and rapid expulsion of air from the lungs with the asynchronous closure of the glottis, causing disruption of the flow of air. They can be acute (\48 h), enduring ([48 h) or persistent ([1 month) [1] . Hiccups caused by distention of the stomach, stress, rapid change in temperature, and alcohol intake are generally benign and self-limiting. In the US, approximately 4000 hospital admissions are due to hiccups each year [2] , and the incidence is higher in males aged 50 years and older [3] . Persistent hiccups can disturb sleep patterns and daily activities of patients. They can be due to an underlying pathology or can have an organic cause, and, if left untreated, can be serious. Hiccups are modulated by a reflex arc with afferents, including the vagus, phrenic nerve and sympathetic chain; a central hiccup center, including the respiratory center, phrenic nerve nuclei, and reticular part of the hypothalamus; and efferent, which includes the phrenic nerve, glottis, and nerves to the intercostal muscles [1] . Drug-induced hiccups are a rare entity and diagnosis requires exclusion of other causes. Corticosteroids, benzodiazepines, sulfonamides, opioids, cisplatin, and dopamine are common causative agents.
Tramadol is a centrally acting opioid analgesic that is indicated for acute and chronic pain, such as pain due to surgery or trauma and malignant diseases. Nausea, vomiting, constipation, sweating, dry mouth, headache, lower leg edema, swelling in the face or tongue, rhinorrhoea, dry skin, and burning in the eyes are the most frequently occurring adverse drug reactions. Respiratory depression only occurs when high doses of tramadol, or concomitant drugs with centrally inhibiting effects, are used [1] . However, the incidence of tramadol-induced hiccups is rare. We report two cases of cellulitis admitted to a surgical ward at Sir Takhtasinhji General Hospital, Bhavnagar, Gujarat, India, who were treated with tramadol and who developed hiccups that responded well to baclofen and tramadol withdrawal. Written informed consent was received from both patients.
Case 1
A 61-year-old male complained of severe pain in the right lower limb. On local examination, the limb was edematous, red and swollen, and with blisters and ulcers; bilateral popliteal and pedal pulse were also present. Vitals were normal and there was no history of insect bites or drug allergies, although there was a past history of diabetes mellitus since 20 years of age. There was no clinical evidence of gastrointestinal, central nervous system, cardiovascular, renal (uremia) or metabolic disorder and brain trauma. Investigations revealed the following: random blood sugar (RBS) test, 232 mg/dl; serum creatinine, 1.7 mg/dl. A provisional diagnosis of right lower limb cellulitis was made. Surgical wound debridement of the right lower limb was performed under spinal anesthesia on the same day. On admission, the patient was administered injectable amoxicillin 1.2 g intravenously 8-hourly, omeprazole 20 mg capsules intravenously 12-hourly, injectable tramadol 100 mg intravenously 12-hourly, and injectable Actrapid 4 IU subcutaneously (as per the RBS test). After 1 h, the patient developed hiccups. The patient drank water frequently to try and relieve the hiccups, but they continued without a pause for 1 h. On day 2, the patient was switched to tramadol 50 mg oral tablets 12-hourly, and the remaining treatment was continued as per the first day. On day 2, the patient again developed hiccups 1 h after taking a tablet, which continued for 2 h without a pause. The patient had a bloating sensation in his stomach after taking the tramadol tablet.
The patient tried non-pharmacological measures to try and relieve the hiccups, such as leaning forward and forceful air blowing, but there was no relief. After 2 h, the hiccups subsided on their own, but started again half an hour after intake of the evening dose of tramadol, and continued into the night. On day 3, and using the same treatment approach, the patient again developed hiccups, which were hampering sleep patterns and daily activities. On day 4, the patient developed hiccups within 15 min of drug intake, which continued for 3 h. The patient was confused and tried no pharmacological measures, and the hiccups were not relieved. On day 5, the patient informed his physician about the hiccups. Tramadol was discontinued and a baclofen 10 mg tablet 8-hourly was added to the treatment regimen. The hiccups subsided 3 h after the withdrawal of tramadol, and the baclofen 10 mg tablet 8-hourly was continued for 3 days; the hiccups did not reappear thereafter.
Case 2
A 60-year-old male complained of severe burning pain in the right lower limb. On local examination, the right lower thigh was edematous and red, and bilateral popliteal and pedal pulse were present. Vitals were normal and there was no history of insect bites or drug allergies. There was no clinical evidence of gastrointestinal, central nervous system, cardiovascular, renal or metabolic disorder. A provisional diagnosis of right lower limb cellulitis was made. Surgical wound debridement of the right lower limb was performed under spinal anesthesia on the same day, after examination. Investigations conducted on admission revealed the following: RBS test, 298 mg/dl; serum creatinine, 1.44 mg/dl. Hematological investigations conducted revealed hemoglobin, 13.5 g/dl; total white blood cell count 21,000/cumm.
On admission, the patient was treated with injectable cefoperazone-sulbactam 1.5 g intravenously 12-hourly, injectable ciprofloxacin 400 mg intravenously 12-hourly, duphalac syrup 20 ml 8-hourly, injectable pantoprazole 40 mg intravenous injection 24-hourly, injectable furosemide 40 mg intravenously in normal saline 12-hourly, tramadol 100 mg/day tablet, and injectable regular insulin 6 IU subcutaneously (RBS 291 g/ dl).
Two hours after taking the tramadol tablet the patient developed hiccups, which continued for 3 h and then subsided. On day 2, the patient received the same treatment regimen, with the addition of two medications: sorbiline syrup 3 mg/day and metformin 500 mg tablet were administered 12-hourly, and the remaining treatment was continued as above. After receiving a morning dose of tramadol, the patient again developed hiccups. The patient drank cold water frequently to try and relieve the hiccups, and they eventually subsided just 1 h before the patient received the next evening dose of tramadol. One hour after receiving the evening dose, the patient again developed hiccups, which continued for the rest of the day. The patient had a bloating sensation in his stomach after taking the tramadol tablet. On days 3, 4 and 5, the same treatments were continued, and hiccups developed 1 h after each dose. During this period, the patient had tried non-pharmacological measures, with the thought that the hiccups would gradually subside on their own in time. On day 6, the patient developed constant severe hiccups that lasted for more than 8 h and continued for the entire night. The physician was finally informed on the seventh day. Tramadol was withdrawn and injectable metoclopramide 10 mg intravenously 12-hourly and baclofen 10 mg tablet 8-hourly for 3 days were administered to relieve the hiccups. The hiccups subsided and have not since reappeared.
Discussion
Both cases show a strong temporal association of hiccups with tramadol as the hiccups started after tramadol intake and prompt relief occurred upon cessation of the drug. Based on the WHO's causality assessment scale [9] , reactions were categorized as certain. Both cases were mild in severity and definitely preventable as per the modified Hartwig and Siegel severity scale and modified Schumock and Thornton scale, respectively.
Although the exact mechanism by which hiccups develops is poorly understood, a central component of the hiccups reflex arc is situated in the medulla. Serotonin, dopamine, c-aminobutyric acid (GABA), glutamate, and glycine neurotransmitters can regulate this central mechanism of hiccups [1] . This reflex arc is also regulated by input from catecholaminergic and serotonergic afferents. Tramadol is a racemate of two enantiomers. The cisenantiomer binds to the l-opiate receptor and inhibits the serotonin reuptake. Inhibition of serotonin reuptake by tramadol can lead to stimulation of the central component of the reflex arc, while stimulation of opioid receptors decreases GABA release, and hence increases dopamine release. Although tramadol has less affinity to the l-opioid receptor, its major active metabolite O-desmethyltramadol has greater affinity to the l-opioid receptor [4] . The transenantiomer of tramadol inhibits norepinephrine reuptake and stimulates a2 receptors [5] . Therefore, increased catecholamine due to reuptake inhibition can also stimulate the reflex arc of hiccups and can lead to skeletal muscle contractions, including the diaphragm [6] . The positive dechallenge and positive accidental rechallenge in both cases makes the causal relationship between tramadol and hiccups stronger. Other possible mechanisms can be distension in the stomach, which can result in vagus nerve irritation, and hence afferent impulses of hiccups are activated. In both cases mentioned above, the patient had complained of a bloating sensation in his stomach after intake of tramadol [7] .
Conclusions
Hiccups are generally considered non-specific and not as a consequence of a disease or a drug being taken by a patient, therefore less attention is paid to this issue. As in these two cases, the patient failed to inform their physician until the hiccups became severe. Such a delay and such persistent hiccups may cause significant negative intrathoracic pressure, which may result in hypotension, bradycardia, pneumomediastinum, and subcutaneous emphysema, and, rarely, bradyarrhythmias [8] . Healthcare professionals should be aware of the possible relationship between hiccups and tramadol, especially while treating a patient with no underlying complications.
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